There is a well-established link between allergies and mental health. While both atopic and food allergies are associated with increased levels of depression and anxiety, it is unclear what the mechanism behind this relationship is. Several theories touch upon potential psychological mechanisms, but until now putative cognitive mechanisms of the link between mental health and allergies have been unexplored.
Research in context
Evidence before this study It has been known for several decades that children with atopic allergies have an increased likelihood of developing symptoms of depression and anxiety, and more recent work extends this into food allergies. While it was initially thought that poor mental health was a consequence of allergy-induced inflammation, it has since been found that depression can precede allergy. In addition, parallel lines of work have found general decreases in cognitive function as a consequence or cause of atopic allergy.
Added value of this study
We discovered cognitive mechanisms that mediate the relationship between allergies and mental health. We show that children with allergy are more likely to perform worse on various cognitive tasks (e.g. fluid reasoning and spatial short-term memory), but score better on tests of processing speed. These cognitive mechanisms predict allergic state in multivariable logistic regression. Crucially, cognitive profile partly mediates the relationship between allergy and worse mental health; a relationship that is no longer statistically significant after accounting for cognition.
Implications of all the available evidence
Our study suggest that allergies bias children towards a cognitive profile of faster but shallower information processing, which is a known risk factor for anxiety and depression. This provides support for the idea that early cognitive intervention in children with allergies could prevent the development of mental health problems.
Introduction
There is a well-established link between atopic allergies (e.g. asthma, eczema, rhinitis) and depression (1, 2) and anxiety (3) . Food allergies have similarly been associated with increased anxiety (4, 5) , and potentially increased depressive symptoms (6) .
The causal nature of this association is unknown. While some accounts attribute depressive symptoms to allergy-induced increases in inflammation and immunoglobulin E (IgE) (7) , others show that depression can induce allergy (8) . This aligns with bidirectional theories of mental wellbeing and inflammation (9) . Similarly, anxiety in people with allergies could arise from maladaptive generalisation of adaptive vigilance for food-related information (10) .
In an altogether separate line of work, allergies are also associated with poorer cognitive performance in children. Underperformance on cognitive tasks at age 4 predicts atopy at age 6 (11), and children with allergies have poorer cognitive and school outcomes (12) . One possible mechanism for the link between allergy and mental health is changes in cognition. Alterations in "cold" (non-emotional) cognition are thought to play a key role in the aetiology of depression in those with genetic or early-life vulnerabilities (13) . Thus, an allergy might predispose children to mental health difficulties via changes in cognitive processing. We hypothesised that allergy would be associated with specific cognitive changes in children, and that these would mediate any association between allergy and mental health.
To test this hypothesis, we employed a broad and precise assessment of cognition in children aged 7-9 years, and recorded both their allergies and sub-clinical symptoms of anxiety and depression.
Methods
We developed a computerised assessment battery that contained well-established tests of number sense, executive function (search organisation) and processing speed, fluid reasoning, inhibition, and spatial and verbal short-term memory. It also contained age-appropriate (spoken) questionnaires for allergies, anxiety, depression, family affluence, and school liking. Participants' postcodes were obtained from schools or parents to compute their income deprivation affecting children index (IDACI). We have previously demonstrated that our assessments are of good reliability and validity (14) , and have described the relationships between measures elsewhere (15) .
We collected 468 usable datasets in local schools, and 69 from children who visited our facility (total N=533). They were 7-9 years old, and had a mean z-transformed IDACI of -0.27 (SD=0.92, min=-2.01, max=2.29; higher values indicate higher levels of deprivation). 409 cases were complete, and we used 9-nearest-neighbour imputation on 107 cases with 1 missing value, 15 with 2, 2 with 3, and excluded 4 cases with over 5 (10%) missing values. ALLERGY, COGNITION, AND MENTAL HEALTH Informed consent was obtained from parents and schools, in addition to assent from participating children. The study was approved by the Cambridge Psychology Research Ethics Committee (PRE.2017.102), and conducted in accordance with the Declaration of Helsinki.
In the sample who visited the facility, we could validate the allergy self-report accuracy. Parents but not their children reported an allergy in only 2 cases, and children but not their parents in only 5 cases. A small number of children (7 with parent data; 59 in total) mistook the "other unlisted allergy" for the "no allergy" button, and were not included. In total, 206 children (39% of the sample) indicated they had one or more allergies, which is in line with population estimates (3, 16) .
Simple group differences between children with and without allergies were computed using Welch's t-test, which is suitable for groups of different sizes and variances (degrees of freedom are dependent on variance, and thus vary between comparisons). We also employed multivariable logistic regression to predict allergic state from socio-economic, mental health, and cognitive variables; and estimated 95% confidence intervals using 3000 bootstrapping iterations, in each of which we used 5-fold cross-validation. Finally, mediation analyses (17) tested the relationship between allergies and mental health, and potential mediation through cognitive profile.
Role of the funding source
The study sponsors, Templeton World Charity Foundation and UK Medical Research Council, had no involvement in the study design, data collection, analysis, interpretation, writing, or the decision to submit this manuscript for publication.
Results
After confirming that children with allergies reported the expected higher levels of anxiety [t(410)=2.62, p=0.009, d=0.24] and depression [t(404)=3.11, p=0.002, d=0.28], we tested whether they showed a different cognitive profile ( Figure 1A We controlled for socio-economic status (SES; deprivation and affluence) in these analyses, but results were highly similar when we did not. 
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The copyright holder for this preprint Finally, we tested whether different cognitive profiles could account for the increased mental health symptom burden in children with allergies. While allergies significantly predicted higher anxiety [R=0. 11, p=0 .008] and depression [R=0. 14, p=0 .002], this was partially mediated by cognitive profile (Figure 2 ) for anxiety [remaining direct effect c'=0.177 (0.089), p=0.046; mediation ab=0.058 (0.013), p<0.001, percentage mediated=24.66%] and depression [remaining direct effect c'=0.155 (0.087), p=0.076; mediation ab=0.121 (0.013), p<0.001, percentage mediated=43.90%]. Thus, the statistically significant direct relationship between allergies and mental health was rendered unconvincing (anxiety, p=0.046) or non-significant (depression, p=0.076) after accounting for cognitive profile. We controlled for SES in these analyses too, but results were again highly similar when we did not.
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Discussion
We measured cognitive processing and mental health in a large cross-sectional sample of children. Unusually, we included a wide breadth of cognitive measures, representing a deep cognitive phenotyping assessment. This methodological strength allowed us to more fully characterise the profiles of children with and without allergies than previous studies in the literature. We used this approach to answer two questions: the effect of allergy on cognitive profiles in children, and whether differences in cognitive profile could account for allergy-associated worsening of mental health. We found that children with allergies had worse fluid reasoning, number sense, and search organisation compared to their peers. However, children with allergies ALLERGY, COGNITION, AND MENTAL HEALTH also showed faster processing speed, and no difference in verbal short-term memory. Replicating previous work (1) (2) (3) (4) (5) (6) , we found that children with allergies showed increased depression and anxiety symptoms, even after controlling for SES. However, this relationship was partly mediated and thereby rendered statistically unreliable when cognitive profile was included in the model. We characterised a specific cognitive profile associated with allergies in children: quicker processing speed, but compromised accuracy on higher-order cognitive tasks. Crucially, this cognitive profile partially mediated the relationship between allergies and mental health.
We suggest that having allergies can bias children towards a cognitive profile of faster but shallower processing of information, which in turn is a risk factor for anxiety (18) and depression (13) . Our findings provide a cognitive mechanism that can explain why some reports found allergy onset to precede anxiety (10) or depression (11) symptoms.
Our work adds to a large literature on how allergy might induce changes in cognition. A prominent theory posits that adaptive adaptive vigilance for allergy-specific for allergy-related stimuli could bias attention to and interpretation of potentially threatening material (e.g. peanuts or pollen), and thereafter generalise to maladaptive global anxiety (10) . However, the mechanism through which this maladaptive generalisation to global anxiety could originate remained unclear. One possibility is via changes in executive function and other "cold" cognitive measures, as we suggest here. In addition, allergy and certain cognitive profiles could share common biological mechanisms. For example, the G protein-coupled receptor 154 gene is associated with asthma and increased serum IgE, and also with HPA-axis responses to stress and anxiety (11) , which could in turn shift both mental health and cognition (19) . Further cognitive changes could arise from neurobiological consequences of being in an atopic state, for example its effects (through a shift from T helper 1 to 2 responses that produce interleukin-4) on the serotonin metabolism (2), which is crucial for cognitive flexibility (20, 21) .
It should be noted that, although no statistically significant direct relationship remains between allergy and depressive symptoms after accounting for cognitive variables, the mediation is only partial: our cognitive measures do not fully account for the association between allergy and mental health. The remaining variance could be explained by other cognitive or non-cognitive factors, and should be explored in the future. Furthermore, our results are based on cross-sectional data. Ideally, these variables would be measured in a large longitudinal sample to track the emergence of major mental health disorders that typically emerge in later ages than those included in our sample. Nevertheless, we report one major source of variance in allergy-associated worsening of mental health: an altered cognitive profile. Future work should explore why an altered cognitive profile represents such an important source of variance. Perhaps this cognitive profile instantiates a mental state more vulnerable to the effects of stress or other mental health risk factors.
Our findings highlight the potential for deep cognitive phenotyping to explain existing associations (here between allergy and mental health) described in the literature, and underscore the need for early intervention in children with allergies. As noted previously, early intervention in 9
